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57 ABSTRACT

A light-emitting apparatus of the present invention has (i) a
semiconductor device which emits light toward a higher
position than a substrate and (ii) a plurality of external
connection terminals, and includes: a light-reflecting layer,
provided on the substrate, which reflects the light emitted by
the semiconductor device; and a covering layer which
covers at least the light-reflecting layer and which transmits
the light reflected by the light-reflecting layer. Further, the
semiconductor device is provided on the covering layer, and
is electrically connected to the external connection terminals
via connecting portions, and the semiconductor device and
the connecting portions are sealed with a sealing resin so as
to be covered. Therefore, the light-emitting apparatus has
increased efficiency with which light is taken out, and can
prevent a reflecting layer from being altered, deteriorating,
and decreasing in reflectance.

11 Claims, 15 Drawing Sheets
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1
LIGHT-EMITTING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation application of U.S.
application Ser. No. 14/467,836, filed Aug. 25, 2014, which
is a continuation application of U.S. application Ser. No.
14/105,638, filed on Dec. 13, 2013, now U.S. Pat. No.
8,835,970, which is a divisional application of U.S. appli-
cation Ser. No. 12/490,192, filed Jun. 23, 2009, now U.S.
Pat. No. 8,680,546, which claims priority under 35 U.S.C.
§119(a) to Patent Application No. 2008-164910 filed in
Japan on Jun. 24, 2008, and Patent Application No. 2008-
269858 filed in Japan on Oct. 20, 2008, the entire contents
of which are hereby incorporated by reference.

FIELD OF THE INVENTION

The present invention relates light-emitting apparatuses
each including a light-emitting diode (LED) chip and a
reflecting layer for efficiently taking out light emitted by the
LED. In particular, the present invention relates to a light-
emitting apparatus that prevents the reflecting layer from
being altered, deteriorating, and decreasing in reflectance.

BACKGROUND OF THE INVENTION

FIG. 11 is a cross-sectional view illustrating a conven-
tional light-emitting apparatus in which an LTCC (low
temperature co-fired ceramic) substrate is used (see Patent
Literature 1). The light-emitting apparatus includes an
LTCC substrate 50, silver epoxy 52, reflecting barriers 51,
transparent epoxy 53, and LED dies 54. In this conventional
example, light emitted by an LED die 54 is reflected by a
reflecting barrier 51, whereby a reduction in loss of the
emitted light is achieved. Further, heat from the LED die 54
is dissipated by the reflecting barrier 51 into a related
thermal diffusion section (not shown) and the LTCC sub-
strate 50. LTCC packaging of a light-emitting apparatus in
which an LTCC substrate is used is suitable in particular to
diffusing heat generated by closely-packed LED dies or
LED arrays.

FIG. 12 is a cross-sectional view illustrating an LTCC
chip carrier having wire bonding (see Patent Literature 2).
This LTCC chip carrier has a heat spreader 67, a second
LTCC layer 61, and a top LTCC layer 60 stacked in this
order on a motherboard 65. The top LTCC layer 60 has a
cavity in the center thereof. In the cavity, a single LED chip
4 is fixed with an adhesive or the like on a thermal via 62
formed so as to pass through the second LTCC layer 61. The
LED chip 4 is connected by wire bonding via a wire 90 to
a second layer terminal 64 formed on the second LTCC layer
61. The second layer terminal 64 is connected via a via 68
to a top terminal 63 formed on the top LTCC layer 60.
Furthermore, the top terminal 63 is connected by wire
bonding via a wire 91 to an external terminal 66 formed on
the motherboard 65. The top terminal 63, the second layer
terminal 64, the external terminal 66, and the heat spreader
67 are made of conductors that can be co-fired. The cavity
inside the top LTCC layer 60 that contains the LED chip is
sealed with epoxy resin 69 or another type of organic
material. Furthermore, for a thermal runaway, a heat sink 70
is placed below the motherboard 65 by a variety of methods.

LTCC intrinsically has higher thermal conductivity than
organic material. Further, the provision of the thermal via 62
and a metalized conductor surface causes a further increase
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in thermal conductivity, thus enabling an improvement in
heat radiation properties of the light-emitting apparatus.
Further, as a technique for improving the luminous effi-
ciency of an LED, a technique of providing a metal reflect-
ing layer between a light-emitting layer of the LED and a
supporting substrate has been proposed (Non Patent Litera-
ture 1). This means that the reflection by the metal reflecting
layer of light radiated from the LED toward the supporting
substrate enables an increase in the amount of light that is
emitted by the LED.
Patent Literature 1
Japanese Translation of PCT International Publication,
Tokuhyo, No. 2007-533082 A (Publication Date: Nov. 15,
2007)
Patent Literature 2
Japanese Patent Application Publication, Tokukai, No.
2007-129191 A (Publication Date: May 24, 2007)
Non Patent Literature 1
HITACHI Cable (Hitachi Cable, Ltd.), “Hitachi Cable has
developed a high-luminosity red LED chip 65 lumens/
watt”, News Release: Products, [online], Dec. 17, 2007,
Hitachi Cable, Ltd., [retrieved on May 1, 2008] Internet
(http://www.hitachi-cable.co.jp/products/news/
20071217 html)

SUMMARY OF THE INVENTION

However, the conventional arrangements cause the fol-
lowing problems.

An LTCC substrate is a substrate made of a composite of
ceramic and glass. Depending on the material, the LTCC
substrate transmits or absorbs light emitted by an LED chip,
thereby causing a decrease in emission output. However, the
conventional arrangements of Patent Literatures 1 and 2 take
no measures against light reflection or light transmission on
a surface of an LTCC substrate. Further, since the conven-
tional arrangements are each structured to have a step beside
a surface on which an LED chip is mounted, thus causing a
loss in emitted light. Therefore, the conventional arrange-
ments are not arranged to realize a high-power LED.

Further, in the arrangement of Non Patent Literature 1,
unfortunately, the metal reflecting layer is altered or dete-
riorates, for example, due to external moisture or oxygen
and further decreases in reflectance due to the alteration or
deterioration.

The present invention has been made in view of the
foregoing problems, and it is an object of the present
invention to provide a light-emitting apparatus that has
increased efficiency with which light is taken out and that
prevents a reflecting layer from being altered, deteriorating,
and decreasing in reflectance.

A light-emitting apparatus according to the present inven-
tion has (i) at lease one semiconductor device which emits
light toward a higher position than a substrate and (ii) a
plurality of external connection terminals, and includes: a
light-reflecting layer, provided on the substrate, which
reflects the light emitted by the at lease one semiconductor
device; and a covering layer which covers at least the
light-reflecting layer and which transmits the light reflected
by the light-reflecting layer. The at least one semiconductor
device is provided on the covering layer, and is electrically
connected to the external connection terminals via connect-
ing portions, and the at least one semiconductor device and
the connecting portions are sealed with a sealing resin so as
to be covered.

According to the foregoing arrangement, the light-reflect-
ing layer reflects light emitted by the semiconductor device
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toward a lower position (toward the substrate), thereby
enabling effective use of the emitted light with a reduction
in loss of the emitted light. This makes it possible to increase
the amount of light that is emitted by the light-emitting
apparatus. Further, since the light-reflecting layer is covered
with the covering layer, the light-emitting apparatus inhibits
the light-reflecting layer from being altered or deteriorating.
Furthermore, the light-emitting apparatus inhibits a decrease
in reflectance from being caused by the alteration or dete-
rioration.

A light-emitting apparatus according to the present inven-
tion includes: a light-emitting diode chip; a package, includ-
ing a chip-mounting portion and a silver reflecting layer
which reflects light emitted by the light-emitting diode chip,
in which the light-emitting diode chip is die-bonded to the
chip-mounting portion; and a sealing resin which covers the
light-emitting diode chip, the silver reflecting layer being
covered with a glass layer.

A method according the present invention for manufac-
turing a package for a light-emitting apparatus includes the
steps of: preparing a plurality of green sheets made mainly
of alumina; performing a process of making holes in the
plurality of green sheets; filling the holes of the plurality of
green sheets with at least either metal paste or glass paste;
and stacking and firing the plurality of green sheets so that
the metal paste is covered with the glass paste, the steps
being executed in the order presented.

In the light-emitting apparatus according to the present
invention, the light-reflecting layer reflects light emitted by
the semiconductor device toward a lower position (toward
the substrate), thereby enabling effective use of the emitted
light with a reduction in loss of the emitted light. This makes
it possible to increase the amount of light that is emitted by
the light-emitting apparatus. Further, since the light-reflect-
ing layer is covered with the covering layer, the light-
emitting apparatus inhibits the light-reflecting layer from
being altered or deteriorating. Furthermore, the light-emit-
ting apparatus inhibits a decrease in reflectance from being
caused by the alteration or deterioration.

Further, the light-emitting apparatus according to the
present invention sufficiently protects the light-reflecting
layer by the covering layer, thus making it possible to apply
dimethyl silicone or methyl rubber as the sealing resin.
Dimethyl silicone and methyl rubber are somewhat lower in
gas sealing properties in some cases, but exhibit high heat
resistance and a high degree of adhesion to glass.

In the method according to the present invention for
manufacturing a package for a light-emitting apparatus, at
the same time as a substrate material obtained by stacking
green sheets is fired, a reflecting layer and a covering layer
covering the reflecting layer are fired, whereby a package for
a light-emitting apparatus is manufactured. This makes it
unnecessary to execute more than one firing step, thus
achieving a low cost.

For a fuller understanding of the nature and advantages of
the invention, reference should be made to the ensuing
detailed description taken in conjunction with the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view schematically illustrating a light-
emitting apparatus according to one embodiment of the
present invention.

FIG. 2 is a plan view schematically illustrating wiring
patterns of a light-emitting section of the light-emitting
apparatus.
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FIGS. 3(a) through 3(d) are cross-sectional views sche-
matically illustrating steps of manufacturing the light-emit-
ting apparatus.

FIG. 4 is a cross-sectional view schematically illustrating
the light-emitting apparatus.

FIG. 5 is a perspective view illustrating an LED light
fixture, shaped into a fluorescent light, in which the light-
emitting apparatus is used.

FIG. 6 is a perspective view illustrating an LED light
fixture, shaped into a light bulb, in which the light-emitting
apparatus is used.

FIG. 7(a) is a cross-sectional view schematically illus-
trating a light-emitting apparatus according to another
embodiment of the present invention.

FIG. 7(b) is a plan view schematically illustrating the
light-emitting apparatus.

FIG. 8 is a cross-sectional view schematically illustrating
a light-emitting apparatus according to still another embodi-
ment of the present invention.

FIG. 9 is a cross-sectional view schematically illustrating
a light-emitting apparatus according to still another embodi-
ment of the present invention.

FIG. 10 is a cross-sectional view schematically illustrat-
ing a light-emitting apparatus according to still another
embodiment of the present invention.

FIG. 11 is a cross-sectional view schematically illustrat-
ing a conventional light-emitting apparatus.

FIG. 12 is a cross-sectional view schematically illustrat-
ing a conventional light-emitting apparatus.

FIG. 13 (a) is a plan view schematically illustrating a
structure of a light-emitting apparatus according to still
another embodiment of the present invention.

FIG. 13(b) is a cross-sectional view schematically illus-
trating the light-emitting apparatus.

FIG. 14 is a flow chart illustrating a method for manu-
facturing a light-emitting apparatus.

FIGS. 15(a) through 15(d) are cross-sectional views illus-
trating how a stack is arranged.

FIGS. 16(a) through 16(d) are cross-sectional views illus-
trating a method for manufacturing the light-emitting appa-
ratus.

FIG. 17 is a cross-sectional view schematically illustrat-
ing a structure of a light-emitting apparatus according to still
another embodiment of the present invention.

FIG. 18 is a cross-sectional view schematically illustrat-
ing a structure of a light-emitting apparatus according to still
another embodiment of the present invention.

FIG. 19(a) is a pattern diagram illustrating a structure of
a surface light source according to still another embodiment
of the present invention.

FIG. 19(b) is a cross-sectional view taken along the line
A-A' of FIG. 19(a).

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 shows an overhead pattern diagram of a light-
emitting apparatus 1000 according to one embodiment of the
present invention. The light-emitting apparatus 1000
includes a low temperature co-fired ceramic (LTCC) sub-
strate 1. On the low temperature co-fired ceramic (LTCC)
substrate 1, a silver reflecting layer (not illustrated) and a
glass layer (covering layer) 3 are formed in this order. The
light-emitting apparatus 1000 has a light-emitting section
1001 provided on the glass later 3. The light-emitting section
1001 is sealed with a luminescent material-containing seal-
ing resin 6. Further provided on the LTCC substrate 1 are a
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positive electrode external connection terminal 8 and a
negative electrode external connection terminal 7. Each of
the external connection terminals has an external wire 15
connected thereto. The external wire 15 is run outward
through an external wiring hole 16 provided in the LTCC
substrate 1. The LTCC substrate 1 has attaching portions 13
via which the light-emitting apparatus 1000 is screwed to
another apparatus. It should be noted here that the outer
shape of the light-emitting apparatus 1000 is substantially
square and the shape of the light-emitting section 1001 is
substantially rectangular.

FIG. 2 is a plan view illustrating wiring patterns or the like
of the light-emitting apparatus 1000. On the glass layer 3
formed on the LTCC substrate 1, a plurality of elongated
rectangular wiring patterns (connecting portions) 9 are
formed in parallel with one another and at distances from
one another. The wiring patterns 9 are connected to the
positive electrode external connection terminal 8 and the
negative electrode external connection terminal 7. Provided
between one wiring pattern 9 and another is a chip-mounting
portion 41 on which an LED chip (semiconductor device) is
mounted.

FIGS. 3(a) through 3(d) and FIG. 4 are cross-sectional
views schematically illustrating a method for manufacturing
a light-emitting apparatus 1000.

FIG. 3(a): On an LTCC substrate 1 having a thickness of
2 mm, a silver film is formed by plating, whereby a silver
reflecting layer (light-reflecting layer) 2 having a thickness
of 0.2 mm is formed.

On the silver reflecting layer 2, a glass layer 3 having a
thickness of 0.006 mm is formed.

On the glass layer 3, wiring patterns 9 (thickness 0.07
mm, width 0.45 mm, interval 2 mm) are formed by screen
printing. The method used here is a method to impart
wettability to a surface of the glass layer by cleaning the
surface without roughening it, to provide the surface with
special treatment that strengthens a chemical bond, to make
the surface catalytically active, and to then plate the surface
directly with electroless nickel adjusted for glass material.

It should be noted here that the LTCC substrate 1 is made
of a mixture of borosilicate glass (Na,O—B,0,—Si0,) and
Si0,. The silver reflecting layer 2 is made of silver or a
silver alloy (Ag, AgPt, Ag—Bi, Ag—Nd based alloy) com-
posed mainly of silver. The glass layer 3 is made of
transparent borosilicate glass (Na,0—B,0,—Si0,) with
use of a doctor blade method. The doctor blade method is
one of the methods for forming ceramic into sheets. This
molding method regulates a space between an edge of a
knife (doctor blade) and a carrier (carrier film, endless belt),
and precisely controls the thickness of a slip (slurried slip or
gel obtained by dispersing raw powder in a solvent) con-
veyed on the carrier. Refer to: http://www.oit.ac.jp/www-
ee/server/aplab/res/slurry.html).

FIG. 3(b): Between one wiring pattern 9 and another on
the glass substrate 3, LED chips 4 (shorter-side width 0.24
mm, longer-side width 0.48 mm, thickness 0.14 mm, quan-
tity 36) are fixed with use of silicone resin. Next, the LED
chips 4 and the wiring patterns 9 are electrically connected
with use of bonding wires (connecting portions) W. It should
be noted that each of the LED chips 4 includes an arrange-
ment of a commonly-used LED chip.

FIG. 3(c): A substantially rectangular silicone rubber
sheet 5 is disposed onto the glass layer 3 so as to surround
a region in which the LED chips have been placed. The
silicone rubber sheet 5 is attached firmly onto the glass layer
3.
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FIG. 3(d): Next, a sealing resin (silicone) 6 containing a
luminescent material (Eu:BOSE ((Ba.Sr),Si0,:Eu)) is
injected into an inner side surrounded by the silicone rubber
sheet 5, and the sealing resin containing the luminescent
material is cured by heat.

Here, after a mixture of a luminescent substance and
silicone resin that is a transparent resin is injected into the
frame constructed by the silicone rubber sheet 5, the resin is
cured over 30 minutes at 150° C., with the result that a
sealing resin 6 containing a luminescent material is formed.
After that, the silicone rubber sheet 5 is removed.

FIG. 4 is a cross-sectional view illustrating a light-
emitting section 1001 thus formed on the LTCC substrate 1.

The sealing resin 6 containing the luminescent material is
formed so as to give off light corresponding to the point
(x,¥)=(0.345,0.35) on the CIE chromaticity diagram. Thus,
the light-emitting section 1001 is manufactured.

Such an arrangement as above allows light emitted by the
LED chips 4 or, in particular, light from the lower surfaces
of'the LED chips 4 (toward the substrate) to be reflected by
the silver reflecting layer 2 sandwiched between the LTCC
substrate 1 and the glass substrate 3, thus losslessly making
effective use of the light emitted by the LED chips 4. This
makes it possible to increase the amount of light that is
emitted by the light-emitting apparatus 1000. Further, the
silver reflecting layer 2 both functions as a light-reflecting
layer and functions to diffuse, in a direction along a surface
of the package (i.e., in a direction parallel to the LTCC
substrate 1), heat generated by the LED chips 4. Further,
since the LTCC substrate 1 has high heat conductivity and
good heat radiation properties, the LED chips 4 can be
integrated. This makes it possible to inhibit the light-emit-
ting apparatus from being deformed due to heat, thus
enabling suppression of a color shift or the like.

Further, in the present embodiment, the silver reflecting
layer 2 is covered with the glass layer 3; therefore, the glass
layer 3 can inhibit the reflecting layer from being altered,
deteriorating, and decreasing in reflectance. The glass layer
3 is more highly isolating against oxygen, moisture, or the
like than a common resin is. Therefore, the glass layer 3 can
suppress a change over time in the silver reflecting layer 2.
Further, since the LTCC substrate 1 and the glass layer 3
both contain glass, the LTCC substrate and the glass layer
exhibit satisfactory adhesion to each other, thus further
enhancing the effect of isolating the silver reflecting layer 2
from oxygen, moisture, or the like.

The reflecting layer can be made of any metal or nonme-
tallic material that reflects light emitted by the LED chips,
as well as the aforementioned silver or silver alloy. For
example, when the reflecting layer is made of a given metal
or nonmetallic material having an optical reflectance of not
less than 90%, light emitted toward the LTCC substrate 1
can be efficiently used, so that the amount of light that is
emitted by the light-emitting section 1001 can be increased.

Further, it is preferable that the wiring patterns 9 be made
of a material containing gold, which is chemically stable.
Furthermore, the present embodiment has a nickel layer
formed between the wiring patterns 9 and the glass layer 3,
thus improving adhesion between the wiring patterns 9 made
of gold and the glass layer 3. This makes it possible to
further inhibit a change over time from being caused by
deterioration or the like in the wiring patterns 9. Alterna-
tively, instead of the nickel layer, a chrome layer may be
formed.

It should be noted here that it is preferable that the glass
layer 3 and the LTCC substrate 1 be made of glass powder
of borosilicate glass of the composition Na,0—B,0;—
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Si0,, because the borosilicate glass is low in coefficient of
thermal expansion, high in thermal shock temperature, and
highly chemically resistant because of its high content of
boron oxide.

The silicone rubber sheet 5 (see FIG. 3(d)) functions as a
dam (to stop the resin from leaking) in applying the trans-
parent resin containing the luminescent material. As such,
the silicone rubber sheet 5 is characterized in such a way as
to be called a dam sheet. Further, the dam sheet can be used
a number of times. Further, the dam sheet is characterized in
that changes in shape of the dam sheet easily allow varia-
tions in shape of the light-emitting section 1001 (i.e., shape
of the luminescent material-containing sealing resin 6).

The glass layer 3 and the silver reflecting layer 2 are
formed across the whole surface, surrounded by the silicone
rubber sheet 5, on which the LED chips 4 have been
mounted.

It should be noted here that since such an arrangement of
the region in which the LED chips 4 are mounted makes it
possible to freely determine the pitches at which the LED
chips are placed along a direction parallel to the wiring
patterns 9, it is possible to easily adjust the luminance of the
light-emitting apparatus, adjust the chromaticity of the light-
emitting apparatus, and take measures against heat gener-
ated by the light-emitting apparatus.

As applied examples of a light fixture made with use of a
light-emitting apparatus 1000, FIG. 5 shows a pattern dia-
gram of an LED lamp 7000 shaped into a fluorescent light,
and FIG. 6 shows a pattern diagram of an LED lamp 9000
shaped into a light bulb. The LED lamp 9000 has a thread
14. The LED lamp 7000 and the LED lamp 9000 are
arranged in the same manner as a common LED lamp
shaped into a fluorescent light and a common LED lamp
shaped into a light bulb, respectively, except that they each
include a light-emitting apparatus 1000.

FIG. 7(a) is a cross-sectional view schematically illus-
trating a light-emitting apparatus 1002 according to another
embodiment of the present invention, and FIG. 7(b) is a plan
view illustrating the light-emitting apparatus 1002. For
convenience of explanation, members having the same func-
tions as those used in Embodiment 1 are given the same
reference numerals, and will not be described below. The
light-emitting apparatus 1002 includes: a low temperature
co-fired ceramic (LTCC) substrate 10; a silver reflecting
layer 2 formed on the LTCC substrate 10; a glass layer 3
covering the silver reflecting layer 2; LED chips 4 placed on
the glass layer 3; and positive and negative electrode exter-
nal connection terminals 81 and 71 formed on the glass layer
3. The LED chips 4 are electrically connected to each of the
external connection terminals 81 and 71 via bonding wires
W. The LED chips 4 and the bonding wires W are sealed
with a domed luminescent material-containing sealing resin
61. The external connection terminals 81 and 71 are formed
so as to extend to opposite side surfaces of the LTCC
substrate 10.

The LTCC substrate 10 includes multiple (ten) LTCC
layers 10a to 107, and a plurality of heat-radiating vias 21
made of silver are each formed so as to pass through the
layers of the LTCC substrate 10, i.e., so as to extend in a
direction perpendicular to the LTCC substrate 10, and are
each connected to the silver reflecting layer 2. It should be
noted here that the LTCC substrate 10 is made by stacking
ten green sheets. The present embodiment has four LED
chips 4 placed therein. However, for simplicity, FIG. 7(a)
shows a cross-section of a single LED chip.

The following shows a method for manufacturing a
light-emitting apparatus 1002.
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Step (1): Raw material is prepared by blending/mixing
ceramic powder (Al,O, powder, 30 wt %) and glass powder
(borosilicate glass powder, 70 wt %) with a given ratio. To
the raw material thus mixed, an organic binder (acrylic
resin) and a solvent (toluene) are added, and then dispersed
uniformly. Thus made is material, called slurry, which serves
as a basis for a green sheet. The slurry is applied onto a PET
film by a doctor blade molding machine so as to have a given
thickness, and then reeled off after a drying step. A sheet-like
material thus made is called a green sheet (thickness of 0.1
mm). The green sheet is cut to the proper size, and then
subjected to a process (punching process) of making holes
that are to serve as heat-radiating vias 21. The holes are filled
with heat-radiating material (silver paste). Thus made is a
single LTCC layer (thickness 0.1 mm). Ten LTCC layers
(10a, 1056, 10c, 104, 10e, 10/, 10g, 10/, 10/, 10/) thus made
are stacked, pressure-bonded by heat, and then subjected to
a firing step (850° C.). Thus made is an LTCC substrate 10.

Step (2): On the LTCC substrate 10 (thickness 1 mm), a
silver film (thickness 0.25 mm) is formed by plating,
whereby a silver reflecting layer 2 is formed. It should be
noted here that the green sheet is made of glass powder of
borosilicate glass (Na,O—B,0,—Si0,) and ceramic pow-
der of AL,O;.

Step (3): On the silver reflecting layer 2, a glass layer 3
(thickness 0.01 mm) is formed. It should be noted here that
the glass layer 3 is made of transparent borosilicate glass
(Na,O—B,0,—Si0,) with use of a doctor blade method.

Step (4): On the glass layer 3, external connection termi-
nals 71 and 81 (thickness 0.7 mm, width 0.45 mm) are
formed with gold by screen printing.

Step (5): On the glass layer 3, LED chips 4 (shorter-side
width 0.24 mm, longer-side width 0.48 mm, thickness 0.14
mm, quantity 4) are fixed with use of silicone resin (not
illustrated). Next, the LED chips 4 and the external connec-
tion terminals 71 and 81 are electrically connected with use
of bonding wires W.

Step (6): Next, a sealing resin (silicone) 61 containing a
luminescent material (Eu:BOSE) is formed, and the lumi-
nescent material-containing sealing resin 61 is cured by
heat. The luminescent material-containing sealing resin 61 is
formed by keeping a mixture of a luminescent material and
silicone resin that is a transparent resin at 150° C. over 30
minutes and curing the resin. It should be noted that, in the
present embodiment, the luminescent material-containing
sealing resin 61 is formed so as to give off light correspond-
ing to the point (x,y)=(0.345,0.35) on the CIE chromaticity
diagram. Thus, the light-emitting section is manufactured.

It should be noted here that the silver reflecting layer 2 is
effective in taking out light emitted by the LED chips 4
toward the LTCC substrate 10. Further, in the present
embodiment, the silver reflecting layer 2 is covered with the
glass layer 3. This makes it possible to inhibit the reflecting
layer from being altered, deteriorating, and decreasing in
reflectance. The glass layer 3 is more highly isolating against
oxygen, moisture, or the like than a common resin is, and
therefore can suppress a change over time in the silver
reflecting layer 2.

Further, the heat-radiating vias 21, made of silver, can
effectively radiate heat outward so that heat generated by the
LED chips 4 is transferred in a direction perpendicular to the
substrate. This effect is more remarkable because the contact
between the silver reflecting layer 2 and the heat-radiating
vias 21 allows the heat generated by the LED chips 4 to be
efficiently transferred to the heat-radiating vias 21 via the
silver reflecting layer 2. The heat-radiating vias 21 can be
made of any metal, as well as silver. Alternatively, as with
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the silver reflecting layer 2, the heat-radiating vias 21 may
be made of a silver alloy (AgPt, Ag—Bi, Ag—Nd based
alloy) composed mainly of silver.

Further, it is possible to place a heat sink (not illustrated)
on the underside of the LTCC substrate 10 of the light-
emitting apparatus 1002. Such a heat sink further increases
the heat radiation properties of the light-emitting apparatus,
thus inhibiting a color shift from being caused by generated
heat. In such a case, it is preferable that the heat-radiating
vias 21 be in contact with the heat sink.

It should be noted the heat-radiating vias 21 have an effect
of reflecting light transmitted from the LED chip 4 into the
LTCC substrate 10. When the heat-radiating vias 21 are
disposed so as to extend to a region where the silver
reflecting layer 2 is not formed as seen from a surface of the
LTCC substrate 10, it is possible to better take out light
toward the surface of the LTCC substrate 10.

FIG. 8 is a cross-sectional view schematically illustrating
a light-emitting apparatus 1005 according to another
embodiment of the present invention. For convenience of
explanation, members having the same functions as those
used in Embodiment 2 are given the same reference numer-
als, and will not be described below. The present embodi-
ment differs from Embodiment 2 in that the LED chips 4 and
the bonding wires W are sealed with a domed sealing resin
including a luminescent material-containing resin section 63
containing a luminescent material and a transparent resin
section 64 formed so as to cover the luminescent material-
containing resin section 63, instead of being sealed with the
luminescent material-containing resin. The luminescent
material-containing resin section 63 and the transparent
resin section 64 are each domed.

Such an arrangement as above makes it possible to protect
the luminescent material-containing resin section 63 by the
transparent resin section 64. Further, since the sealing resin
and each resin section are domed, there are continuous
changes in direction in which irradiating light from the LED
chip 4 is refracted. This makes it possible to reduce spatial
unevenness in intensity of the irradiating light.

The transparent resin section 64 is preferably made of raw
material capable of securing transparency and high in hard-
ness, but is not particularly limited in material.

FIG. 9 is a cross-sectional view schematically illustrating
a light-emitting apparatus 1003 according to another
embodiment of the present invention. For convenience of
explanation, members having the same functions as those
used in Embodiment 2 are given the same reference numer-
als, and will not be described below. The light-emitting
apparatus 1003 includes: a low temperature co-fired ceramic
(LTCC) substrate 11; a silver reflecting layer 2 formed on the
LTCC substrate 11; a glass layer 3 covering only the silver
reflecting layer 2 on the LTCC substrate 11; LED chips 4
placed on the glass layer 3; and positive and negative
electrode external connection terminals 81 and 71 formed on
the LTCC substrate 11. The LED chips 4 are electrically
connected to each of the external connection terminals 81
and 71 via bonding wires W. The LED chips 4, the external
connection terminals 81 and 71, and the bonding wires W
are sealed with a luminescent material-containing sealing
resin 62. The LTCC substrate 11 includes multiple (ten)
LTCC layers 11a to 11}, and a plurality of heat-radiating vias
21 made of silver are each formed so as to pass through the
layers of the LTCC substrate 11, i.e., so as to extend in a
direction perpendicular to the LTCC substrate 11, and are
each connected to the silver reflecting layer 2. Further, the
external connection terminals 81 and 71 are respectively
connected to two wiring vias (heat-radiating vias) 22 passing
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through the LTCC substrate 11, and the wiring vias 22 are
respectively connected to external terminals 82 and 72
formed on the underside of the LTCC substrate 11. It should
be noted here that the LTCC substrate 10 is made by stacking
ten green sheets. The present embodiment has four LED
chips 4 placed therein. However, for simplicity, FIG. 9
shows a cross-section of a single LED chip.

The following shows a method for manufacturing a
light-emitting apparatus 1003.

Step (1): Raw material is prepared by blending/mixing
ceramic powder (Al,O; powder, 30 wt %) and glass powder
(borosilicate glass powder, 70 wt %) with a given ratio. To
the raw material thus mixed, an organic binder (acrylic
resin) and a solvent (toluene) are added, and then dispersed
uniformly. Thus made is material, called slurry, which serves
as a basis for a green sheet. The slurry is applied onto a PET
film by a doctor blade molding machine so as to have a given
thickness, and then reeled off after a drying step. A sheet-like
material thus made is called a green sheet (thickness of 0.1
mm). The green sheet is cut to the proper size, and then
subjected to a process (punching process) of making holes
that are to serve as heat-radiating vias 21 and wiring vias 22.
The holes that are to serve as heat-radiating vias 21 and
wiring vias 22 are filled with material (silver paste). Thus
made is a single LTCC layer (thickness 0.1 mm). Ten LTCC
layers (11a, 115, 11¢, 11d, 11e, 11f; 11g, 114, 11i, 11) thus
made are stacked, pressure-bonded by heat, and then sub-
jected to a firing step (850° C.). Thus made is an LTCC
substrate 11.

Step (2): On the LTCC substrate 11 (thickness 1 mm), a
silver film 2 (thickness 0.25 mm) is formed by plating,
whereby a silver reflecting layer 2 is formed. It should be
noted here that the green sheet is made of glass powder of
borosilicate glass (Na,0—B,0,—Si0,) and ceramic pow-
der of AL,O,.

Step (3): On the silver reflecting layer 2, a glass layer 3
(thickness 0.007 mm) is formed. It should be noted here that
the glass layer 3 is made of transparent borosilicate glass
(Na,0—B,0;,—Si0,) with use of a doctor blade method.

Step (4): On the wiring vias 22 of the LTCC substrate 11,
external connection terminals 81 and 71 (thickness 0.7 mm,
width 0.45 mm) are formed with gold by screen printing so
that the glass layer 3 is interposed between the external
connection terminals 81 and 71.

Step (5): On the glass layer 3, LED chips 4 (shorter-side
width 0.24 mm, longer-side width 0.48 mm, thickness 0.14
mm, quantity 4) are fixed with use of silicone resin (not
illustrated). The LED chips 4 and the external connection
terminals 81 and 71 are electrically connected with use of
bonding wires W.

Step (6): Next, a sealing resin (silicone) 62 containing a
luminescent material (Eu:BOSE) is formed, and the lumi-
nescent material-containing sealing resin 62 is cured by
heat. The luminescent material-containing sealing resin 62 is
formed by keeping a mixture of a luminescent material and
silicone resin that is a transparent resin at 150° C. over 30
minutes and curing the resin. It should be noted that, in the
present embodiment, the luminescent material-containing
sealing resin 62 is formed so as to give off light correspond-
ing to the point (x,y)=(0.345,0.35) on the CIE chromaticity
diagram. Thus, the light-emitting section is manufactured.

It should be noted here that heat from the LED chips 4 is
transferred to the external connection terminals 81 and 71
via the bonding wires W. The external terminals 82 and 72,
formed on the underside of the LTCC substrate 11, are
connected to the external connection terminals 81 and 71 via
the wiring vias 22, respectively, so that the heat transferred
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to the external connection terminals 81 and 71 is transferred
to the external terminals 82 and 72 to be radiated. This effect
is more remarkable because the contact between the external
connection terminals 81 and 71 and the wiring vias 22
allows the heat generated by the LED chips 4 to be effi-
ciently transferred to the wiring vias 22 via the bonding
wires W. The wiring vias 22 can be made of any metal, as
well as silver. Alternatively, as with the silver reflecting layer
2, the wiring vias 22 may be made of a silver alloy (AgPt,
Ag—Bi, Ag—Nd based alloy) composed mainly of silver. It
is because the glass layer 3 covers only the silver reflecting
layer 2 that the wiring vias 22 can be provided to be
connected to the external connection terminals 81 and 71 on
the LTCC substrate 11.

It should be noted here that the silver reflecting layer 2 is
effective in taking out light emitted by the LED chips 4
toward the LTCC substrate 11. Further, in the present
embodiment, the silver reflecting layer 2 is covered with the
glass layer 3. This makes it possible to inhibit the reflecting
layer from being altered, deteriorating, and decreasing in
reflectance. The glass layer 3 is more highly isolating against
oxygen, moisture, or the like than a common resin is, and
therefore can suppress a change over time in the silver
reflecting layer 2.

It is here possible to place a heat sink (not illustrated) on
the underside of the LTCC substrate 11 of the light-emitting
apparatus 1003. In such a case, it is preferable that the
heat-radiating vias 21 be in contact with the heat sink.

FIG. 10 is a cross-sectional view schematically illustrat-
ing a light-emitting apparatus 1004 according to another
embodiment of the present invention. For convenience of
explanation, members having the same functions as those
used in Embodiment 4 are given the same reference numer-
als, and will not be described below. The light-emitting
apparatus 1004 includes: an alumina substrate 12; a silver
reflecting layer 2 formed on the alumina substrate 12; a glass
layer 3 covering only the silver reflecting layer 2; LED chips
4 placed on the glass layer 3; and positive and negative
electrode external connection terminals 81 and 71 formed on
the alumina substrate 12. The LED chips 4 are electrically
connected to each of the external connection terminals 81
and 71 via bonding wires W. The LED chips 4, the bonding
wires W, and the external connection terminals 81 and 71 are
sealed with a luminescent material-containing sealing resin
62; however, the luminescent material-containing sealing
resin 62 does not cover the whole surface of the alumina
substrate 12 across the depth of FIG. 10. The alumina
substrate 12 has unsealed regions thereon via which the
positive and negative external connection lands 81 and 71
are exposed to enable connection to an external power
supply (not illustrated). The present embodiment has 36
LED chips 4 placed therein. However, for simplicity, FIG.
10 shows a cross-section of a single LED chip.

The following shows a method for manufacturing a
light-emitting apparatus 1004.

Step (1): On an alumina substrate 12 (thickness 2 mm), a
silver film 2 (thickness 0.2 mm) is formed by plating,
whereby a silver reflecting layer 2 is formed.

Step (2): On the silver reflecting layer 2, a glass layer 3
(thickness 0.006 mm) is formed. It should be noted here that
the glass layer 3 is made of transparent borosilicate glass
(Na,0—B,0;—Si0,) with use of a doctor blade method.

Step (3): On the alumina substrate 12, external connection
terminals 71 and 81 (thickness 0.7 mm, width 0.45 mm,
length 2 mm) are formed by screen printing.

Step (4): On the glass layer 3, LED chips 4 (shorter-side
width 0.24 mm, longer-side width 0.48 mm, thickness 0.14
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mm, quantity 36) are fixed with use of silicone resin (not
illustrated). Next, the LED chips 4 and the external connec-
tion terminals 71 and 81 are electrically connected with use
of bonding wires W.

Step (5): Next, a sealing resin (silicone) 62 containing a
luminescent material (Eu:BOSE) is injected, and the lumi-
nescent material-containing sealing resin 62 is cured by
heat. The luminescent material-containing sealing resin 62 is
formed by keeping a mixture of a luminescent material and
silicone resin that is a transparent resin at 150° C. over 30
minutes and curing the resin. It should be noted that, in the
present embodiment, the luminescent material-containing
sealing resin 62 is formed so as to give off light correspond-
ing to the point (x,y)=(0.345,0.35) on the CIE chromaticity
diagram. Thus, the light-emitting section is manufactured.

Further, in the present embodiment, the silver reflecting
layer 2 is covered with the glass layer 3. This makes it
possible to inhibit the reflecting layer from being altered,
deteriorating, and decreasing in reflectance. The glass layer
3 is more highly isolating against oxygen, moisture, or the
like than a common resin is, and therefore can suppress a
change over time in the silver reflecting layer 2.

Further, it is preferable that the external connection ter-
minals 81 and 71 on the glass layer 3 be made of a material
containing gold, which is chemically stable.

In each of the embodiments, examples of the glass powder
of which the glass layer and the LTCC substrate are made
encompass silica glass, soda-lime glass, borosilicate glass,
aluminoborosilicate glass, borosilicate zinc glass, alumino-
silicate glass, and/or phosphate glass. Particular preference
is given to borosilicate glass.

Further, examples of the ceramic powder of which the
LTCC substrate is made encompass SiO,, Al,O;, ZrO,,
TiO,, 7ZnO, MgAl,0,, ZnAl,0,, MgSiO;, MgSiO,,
7Zn,Si0,, 7Zn,TiO,, SrTiO,, CaTiO;, MgTiO,, BaTiO,,
CaMgSi,0O4,  SrAlSi, O, BaAl,Si,0, CaAl,Si,0y,
Mg,AlSis0,, Zn,AlSi;0,5, MN, SiC, mullite, and zeo-
lite. Further, the LTCC substrate can be replaced by a
substrate based on ceramic.

The sealing resin is suitably made of either (i) a highly
weather-resistant transparent resin such as epoxy resin, urea
resin, or silicone resin, or (ii) a highly light-resistant trans-
lucent inorganic material such as silica sol or glass. Further,
the sealing resin may contain a diffusing agent together with
the luminescent material. A suitably usable specific example
of the diffusing agent is barium titanate, titanium oxide,
aluminum oxide, silicon oxide, calcium carbonate, silicon
dioxide, or the like.

The LED chips are blue LED chips each including a
sapphire substrate and gallium nitride-based light-emitting
section formed on the sapphire substrate.

A suitably usable example of the luminescent material is
a Ce:YAG (cerium-activated yttrium-aluminum-garnet)
luminescent material, a Euw:BOSE or SOSE (europium-
activated strontium-barium-orthosilicate) luminescent mate-
rial, a europium-activated o sialon luminescent material, or
the like.

It should be noted that it is possible to drip a molding
sealing resin in forming the resin sealer (luminescent mate-
rial-containing sealing resin). Further, it is possible to form
the resin sealer with use of a mold, and the resin sealer can
be shaped, for example, into an upwardly convex hemi-
sphere so as to function as a lens.

It should be noted here that the LED chips can be joined
with a thermosetting resin (adhesive resin) or the like.
Specific examples include silicone resin, epoxy resin, acrylic
resin, and imide resin.
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In each of the embodiments described above, the LED
chips used are blue LED chips each composed of a gallium
nitride-based compound semiconductor. However, the LED
chips used may be blue LED chips each composed of a ZnO
(zinc oxide)-based compound semiconductor. Alternatively,
the LED chips used may be LED chips of an InGaAlP- or
AlGaAs-based compound semiconductor.

In each of the embodiments, each of the LED chips has P-
and N-side electrodes formed on one surface thereof and the
surface serves as an upper surface to which two bonding
wires are connected. However, the LED chip is not neces-
sarily connected in such a way. It is possible to form a wire
on the glass layer and connect the LED chip directly to the
wire, for example, by soldering. Further, although the LED
chips have been described as emitting blue light, the color of
light that is emitted by the LED chips is not limited to blue.
For example the LED chips may emit ultraviolet light or
green light. Further, although a method to obtain white by
converting, with a luminescent material, light emitted by the
LED chips has been described, it is possible to obtain a color
required for illumination, such as white or the color of light
emitted by a light bulb, by using three-color (red, green, and
blue) LED chips instead of using a luminescent material.

FIGS. 13(a) and 13(b) shows a plan view and a cross-
sectional view, respectively, illustrating a structure of a
light-emitting apparatus of Embodiment 6. In FIG. 13(d),
the light-emitting apparatus 2001 includes: a package 110
including a cup-shaped depressed portion 108; an LED chip
112; and a luminescent material 114. The LED chip 112 is
die-bonded to a chip-mounting portion 113 located substan-
tially in the center of the bottom surface of the depressed
portion 108. The LED chip 112 is covered with a sealing
resin 116 in which the luminescent material 114 has been
dispersed. The LED chip 112 emits primary light (e.g., blue
light, having a luminescence peak in a blue-wavelength
region, whose wavelength ranges from not less than 400 nm
to not more than 500 nm). The luminescent material 114
emits secondary light (e.g., yellow light, having a lumines-
cence peak in a yellow-wavelength region, whose wave-
length ranges from not less than 550 nm to not more than
600 nm) when excited by the primary light. The primary
light and the secondary light are mixed together so as to be
emitted as white light from an exit face 118 facing toward an
open side of the depressed portion 108.

The internal and bottom surfaces of the depressed portion
108 are covered with a silver reflecting layer 120 made of
metal such as Ag, so as to have high reflectance, and are
further covered with a glass layer 121 so that the reflectance
can be maintained for a long period of time.

In FIG. 13(a), the bottom surface of the depressed portion
108 includes a pair of electrode pads 123. The pair of
electrode pads 123 are formed by spacing one portion of the
silver reflecting layer 120 from another. The LED chip 112
is die-bonded to the chip-mounting portion 113, and the
electrode pads 122 of the LED chip 112 and the electrode
pads 123 of the package 110 are electrically connected by
wire bonding. It should be noted that each of the electrode
pads 123 has a portion to which a wire W is connected and
whose surface is exposed, and is not covered with the glass
layer 121.

In FIG. 13(b), the lower surface of the light-emitting
apparatus 2001 is a mounting surface 126 that faces a
mounted substrate (not illustrated), and the mounting sur-
face 126 has external connection terminals 128 formed
thereon, with conducting vias 130 interposed between the
electrode pads 123 and the external connection terminals
128. The vias 130 form a current pathway to the LED chip
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112 when the external connection terminals 128 are con-
nected to a wiring pattern formed on the mounted substrate.

The following describes a method for manufacturing a
light-emitting apparatus 2001. FIG. 14 is a flow chart
illustrating a method for manufacturing a light-emitting
apparatus. FIGS. 15(a) through 15(d) are cross-sectional
views illustrating how a stack is arranged. FIGS. 16(a)
through 16(d) are cross-sectional views illustrating a method
for manufacturing a light-emitting apparatus.

The following first describes a method for forming a
package. A package according to the present embodiment is
a low temperature co-fired ceramic (LTCC) package. The
package is formed by firing a stack of sheet-like materials,
called green sheets, which have been subjected, for example,
to a process of making holes in the green sheets and a
process of filling the holes with paste.

The following first describes a method for forming a
green sheet 150. Material called slurry is prepared by
blending an organic binder and a solvent with a main
material, i.e., a mixture of alumina ceramic powder and
glass, and by uniformly dispersing the organic binder and
the solvent in the mixture. Next, the slurry is applied onto a
PET film by a film-forming apparatus so as to have a given
thickness, and then reeled off after a drying step. Thus
obtained is a green sheet 150. Next, the green sheet 150 is
cut to a predetermined size, and then subjected, for example,
to a process of making holes in those portions of the green
sheet 150 in which components of a package 110 such as a
depressed portion 108, vias 130, electrode pads 123, and a
glass layer 121 are to be formed and a process of filling the
holes with paste. A plurality of such green sheets 150 are
aligned with one another and stacked. Thus formed is a stack
155 (FIG. 15(d)).

For example, as illustrated in FIGS. 15(a) through 15(d),
the via 130, the electrode pad 123, and the chip-mounting
portion 113 are formed by stacking green sheets (FIG. 15(a))
whose holes have been filled with metal paste in which metal
such as Ag has been dispersed. The metal paste is conductive
between vertically adjacent layers, so that the electrode pad
123 and the external connection terminal 128 are electrically
conductive with each other. Further, the pair of electrode
pads 123 are spaced from each other so as to be insulated and
separated from each other.

The glass layer 121 is formed by lamination or adhesion
of a layer of glass paste onto a layer of metal paste. For
example, the glass layer 121 is formed by covering the silver
reflecting layer 120 with a green sheet (FIG. 15(5)) whose
hole has been filled with glass paste to form a chip-mounting
portion 113.

It should be noted that each of the electrode pads 123 has
a surface exposed without being covered with glass. This
portion is formed by stacking a green sheet (FIGS. 15(5) and
15(¢)) having a hole, provided in a portion filled with glass
paste, via which the surface of the electrode pad 123 is to be
exposed. Since the surface of the electrode pad 123 is
exposed, preference is given to material that is hard to be
altered, and the metal paste is preferably made of Au paste
or the like.

In order that a plurality of packages 110 are formed
simultaneously, a green sheet 150 is formed repeatedly with
a plurality of processed patterns subjected to a process of
making holes and a process of filling the holes with paste.

Next, the stack 155 is fired at 700° C. to 1,000° C., e.g.,
at 850° C. to 900° C., whereby the alumina powder of which
the green sheets 150 are made, the metal paste of which the
silver reflecting layer 120 is made, the glass paste covering
the silver reflecting layer 120, the Au paste of which the
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electrode pads 123 are made are co-fired, with the result that
a package 110 is completed. At this time, the glass compo-
nent contained in the glass paste is melted to smoothly cover
a surface of the silver reflecting layer 120. Further, the
co-firing of the raw materials brings about an effect of
alleviating stress on the interface between one layer and
another.

It should be noted that the layers constituting the package
110 can be formed, for example, so that the layer extending
from the chip-mounting portion 113 to the mounting surface
126, the silver reflecting layer 120, and the glass layer 121
have a thickness of 0.5 mm, a thickness of 0.005 mm, and
a thickness of 0.01 mm, respectively.

Referring to FIGS. 16(a) through 16(d), the following
describes steps to be taken after an LED chip 112 is
mounted. It should be noted that FIGS. 16(a) through 16(d)
do not illustrate a via 130.

Brazing material (not illustrated) such as silicone paste is
applied to the chip-mounting portion 113 of each depressed
portion 108 of a stack 155 that has been fired, and then an
LED chip 112 are die-bonded onto the chip-mounting por-
tion 113. Next, the electrode pads 122 of the LED chip 112
and the electrode pads 123 of the package 110 are connected
by wire bonding, respectively. At this time, the electrode
pads 123 of the package 110 have not been covered with
glass, and therefore can be wire-bonded satisfactorily (FIGS.
16(a) and 16(5)).

Next, the depressed portion 108 is filled with a sealing
resin 116 in which a luminescent material 114 has been
dispersed in advance, and the sealing resin 116 is cured,
whereby the LED chip 112 is covered. The sealing resin 116
can be suitably made of dimethy] silicone or methyl rubber,
which is highly heat-resistant and highly adhesive to glass.
For example, in cases where KER2500 (manufactured by
Shin-Etsu Chemical Co., Ltd.) is used as dimethyl silicone,
the sealing resin is cured at 100° C. for 60 minutes, and
after-cured at 150° C. for 300 minutes. Dimethyl silicone
and methyl rubber are lower in gas sealing properties than
organic modified silicone or the like. However, since the
surface of the silver reflecting layer 120 is covered with
glass, the surface can be inhibited from being altered.

Finally, the stack 155 is divided into individual light-
emitting apparatuses. The division is performed, for
example, by using a UV sheet, i.e., by attaching a UV sheet
158 to the mounting surface 126, placing the stack 155 on
a stage, and dicing the stack 155 along predetermined
positions. Next, the adhesive of the UV sheet 158 is cured
by UV light irradiation, and then the individual pieces are
separated from one another.

According to the aforementioned arrangement, because of
a high degree of adhesion between dimethyl silicone or
methyl rubber and glass, the sealing resin 116 can be
inhibited from being detached from the glass layer 121
covering the silver reflecting layer 120. A possible reason for
the high degree of adhesion is that the glass surface has a
hydroxyl group exposed thereon and therefore has high
binding force with respect to silicone resin. Another possible
reason is that dimethy] silicone and methyl rubber are higher
in elasticity than organic modified silicone or the like and
therefore easily absorb a change in volume such as thermal
expansion or contraction.

Further, it is preferable that the sealing resin 116 has a
continuously allowable temperature limit of not less than
120° C. It should be noted here that in cases where the
thermal resistance of a package 110 is 200° C./W and the
heat of an LED chip 112 is 0.06 W, the rise in temperature
of the package 110 is at most 12° C. However, the light-
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emitting apparatus 2001 is required to serve for a very long
period of time, e.g., 40,000 hours. For the purpose of
satisfying such reliability, such a continuously allowable
temperature limit as above is required.

It should be noted that the luminescent material 114 can
be suitably realized, for example, by BOSE (Ba, O, Sr, Si,
Eu) or the like. Alternatively, the luminescent material 114
can be suitably realized by SOSE (Sr, Ba, Si, O, Eu), YAG
(cerium-activated yttrium-aluminum-garnet), o sialon ((Ca),
Si, Al, O, N, Eu), p sialon (Si, Al, O, N, Eu), or the like, as
well as BOSE. Further, when the LED chip 112 is realized
by using an ultraviolet (near-ultraviolet) LED, for example,
whose peak wavelength ranges from 390 nm to 420 nm,
instead of using a blue LED, a further improvement in
luminous efficiency can be achieved.

As stated above, a light-emitting apparatus 2001 includ-
ing a silver reflecting layer 120 and a glass layer 121
covering the silver reflecting layer 120 and sealed with
silicone resin is highly reliable because of a combination of
high gas sealing properties, high heat resistance, and a high
degree of adhesion.

The present embodiment is arranged such that the sealing
resin 116 has a luminescent material 114 dispersed therein,
but is not necessarily limited to this. For example, the
present embodiment may be arranged such that the sealing
resin 116 covers a luminescent material 114 covering only
the vicinity of an LED chip 112, or may be arranged such
that the sealing resin 116 does not include a luminescent
material 114. Further, although the silver reflecting layer 120
is formed not only on the inner wall of the depressed portion
108 but also on a portion corresponding to a bank 131
circularly surrounding the periphery of the exit face 118, the
present embodiment may be arranged such that the silver
reflecting layer 120 is not formed on the portion correspond-
ing to the bank 131. In other words, as long as the present
embodiment is arranged such that the glass layer 121 is
interposed between the sealing resin 116 and the surface of
the silver reflecting layer 120 on the package 110, an
improvement in reliability can be achieved.

FIG. 17 is a cross-sectional view illustrating a structure of
a light-emitting apparatus of Embodiment 7. The light-
emitting apparatus 2002 includes a luminescent material-
containing glass layer 160 in which a luminescent material
114 has been dispersed, instead of including a glass layer
121. The primary light, which is blue light emitted by an
LED chip 112, and the secondary light, which is yellow light
emitted by the luminescent material 114 being excited by the
primary light, are mixed together so as to be emitted as white
light from an exit face 118 facing toward an open side of the
depressed portion 108.

The light-emitting apparatus 2002 is equivalent to
Embodiment 6 except that the luminescent material-contain-
ing glass layer 160 is formed by lamination or adhesion of
a layer of luminescent material-containing glass paste onto
a layer of metal paste. It should be noted that the luminescent
material-containing glass paste is obtained by dispersing the
luminescent material 114 such as the aforementioned BOSE,
SOSE, YAG, «a sialon, or { sialon in glass powder.

According to the present embodiment, since the lumines-
cent material 114 hardly settles at the bottom of the lumi-
nescent material-containing glass paste, the density of the
luminescent material 114 in the luminescent material-con-
taining glass layer 160 can be further uniformed. This makes
it possible to suppress variations in chromaticity of emitted
light. A possible reason for the little sedimentation of the
luminescent material 114 is that the glass powder contained
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in the luminescent material-containing glass paste exhibits a
function of suppressing sedimentation of the luminescent
material 114.

In FIG. 17, the sealing resin 116 has no luminescent
material 114 dispersed therein. However, the sealing resin
116 can be arranged to have a luminescent material 114
dispersed therein.

Further, the luminescent material-containing glass layer
160 can be formed to wholly or partially contain a lumi-
nescent material. Preferably, as illustrated in FIG. 17, the
luminescent material-containing glass layer 160 is formed to
contain a luminescent material in a portion making contact
with the sealing resin 116 and to contain no luminescent
material in the portion corresponding to the bank 131. This
makes it possible to inhibit the luminescent material 114
from being excited by external light on the bank 131 to emit
yellow light.

FIG. 18 is a cross-sectional view illustrating a structure of
a light-emitting apparatus of Embodiment 8. The present
embodiment is characterized in that the bottom surface of
the depressed portion 108 of the package 110 is provided
with recessed areas, that a bottom surface of each of the
recessed areas is formed with an electrode pad 123, and that
an insulating layer 132 is interposed between the electrode
pad 123 and the silver reflecting layer 120. The present
embodiment is otherwise equivalent to Embodiment 6.

In the vicinity of each electrode pad 123 of the package
110, the ceramic of which the package 110 is made is
exposed in order to insulate one of the electrode pads 123
from the other by surrounding each electrode pad 123.
Therefore, this area leaks a portion of emitted light, thus
causing a decrease in emission efficiency. In the light-
emitting apparatus 2001 of Embodiment 6, the exposed
portion of the ceramic is formed at substantially the same
level as the chip-mounting portion 113. Meanwhile, in the
present embodiment, the exposed portion of the ceramic
exists in a further recessed part of the recessed area that is
hard for emitted light to reach. This inhibits light from
leaking from the exposed portion of the ceramic in the
vicinity of each electrode pad 123, thus making it possible
to achieve an improvement in efficiency with which light is
taken out.

FIGS. 19(a) and 19(b) are pattern diagrams illustrating a
structure of a surface light source of Embodiment 9. The
surface light source 2004 in the present embodiment
includes: a light-emitting apparatus 305 arranged as set forth
in any one of Embodiments 6 to 8; and an optical waveguide
310 that guides light emitted by the light-emitting apparatus
305 and causes the light to be emitted by an exit face 316 in
the form of plane emission, the light-emitting apparatus 305
having an exit face 118 disposed just in front of an entrance
end face 312 of the optical waveguide 310. It should be
noted that refraction or the like on the entrance end face 312
of the optical waveguide 310 is omitted from the illustra-
tions.

The light emitted by the light-emitting apparatus 305
illuminates the entrance end face 312, but is partially
reflected by the entrance end face 312 and a dead end face
314 of the optical waveguide 310 and returned to the exit
face 118 of the light-emitting apparatus 305. Meanwhile, the
silver reflecting layer 120 of the light-emitting apparatus 305
is formed not only on the inner wall of the depressed portion
108 but also on a portion corresponding to a bank 131
circularly surrounding the periphery of the exit face 118.
Therefore, a reflection of emitted light reflected by the
entrance end face 312 of the optical waveguide 310 and a
return of emitted light reflected back from the dead end face
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314 of the optical waveguide 310 can be again reflected to
be incident. This results in an increase in efficiency in the use
of light.

The present invention can be applied to an illuminating
apparatus or a backlight of a liquid crystal display.

A light-emitting apparatus according to an embodiment of
the present invention has (i) at least one semiconductor
device which emits light toward a higher position than a
substrate and (ii) a plurality of external connection termi-
nals, and includes: a light-reflecting layer, provided on the
substrate, which reflects the light emitted by the at least one
semiconductor device; and a covering layer which covers at
least the light-reflecting layer and which transmits the light
reflected by the light-reflecting layer. The at least one
semiconductor device is provided on the covering layer, and
is electrically connected to the external connection terminals
via connecting portions, and the at least one semiconductor
device and the connecting portions are sealed with a sealing
resin so as to be covered.

According to the foregoing arrangement, the light-reflect-
ing layer reflects light emitted by the semiconductor device
toward a lower position (toward the substrate), thereby
enabling effective use of the emitted light with a reduction
in loss of the emitted light. This makes it possible to increase
the amount of light that is emitted by the light-emitting
apparatus, and the covering of the light-reflecting layer with
the covering layer brings about an effect of inhibiting the
light-reflecting layer from being altered or deteriorating and,
furthermore, from decreasing in reflectance due to the altera-
tion or deterioration.

It is preferable that the light-reflecting layer have an
optical reflectance of not less than 90%.

According to the foregoing arrangement, the high optical
reflectance of the light-reflecting layer enables an increase in
the amount of light that is emitted by the light-emitting
apparatus.

It is preferable that the light-reflecting layer be made of
silver or a silver alloy composed mainly of silver.

According to the foregoing arrangement, the formation of
the light-reflecting layer from silver or a silver alloy causes
heat generated by the semiconductor device to be diffused in
a direction along a surface of the substrate, thus enabling an
enhancement in heat radiation properties of the light-emit-
ting apparatus. This makes it possible to inhibit a color shift
from being caused by heat generated by the light-emitting
apparatus.

In an embodiment of the light-emitting apparatus, the
substrate may be based on ceramic. Furthermore, the sub-
strate may be based on low temperature co-fired ceramic.

Since the low temperature co-fired ceramic is higher in
thermal conductivity than a common organic material, the
foregoing arrangement enables a further enhancement in
heat radiation properties of the light-emitting apparatus, thus
making it possible to integrate semiconductor devices.

In an embodiment of the light-emitting apparatus, it is
preferable that the substrate be a product of firing of glass
powder and ceramic powder as materials. The glass powder
can be realized by glass powder containing silica glass,
soda-lime glass, borosilicate glass, aluminoborosilicate
glass, borosilicate zinc glass, aluminosilicate glass, or phos-
phate glass. Further, the ceramic powder can be realized by
ceramic powder containing Si0O,, Al,O;, ZrO,, TiO,, ZnO,
MgAl,O,, ZnAl,O,, MgSiO,, MgSiO,,, Zn,Si0,, Zn,TiO,,
SrTi0;, CaTiO;, MgTiO,;, BaTiO,, CaMgSi,O,
SrAl,Si,04, BaAl,Si,04, CaAl,Si,04, Mg,AlSisOq,
7n,A1,S150,5, AIN, SiC, mullite, or zeolite.
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In an embodiment of the light-emitting apparatus, the
covering layer is made of glass, and the glass can be realized
by glass containing silica glass, soda-lime glass, borosilicate
glass, aluminoborosilicate glass, borosilicate zinc glass,
aluminosilicate glass, or phosphate glass.

According to the foregoing arrangement, the substrate and
the covering layer contains glass powder. This improves
adhesion between the substrate and the covering layer and
further inhibits a change over time from being caused by
deterioration or the like in the light-reflecting layer, thus
enabling suppression of a decrease in reflectance. In par-
ticular, borosilicate glass (NA,O—B,0,—Si0,) is low in
coeflicient of thermal expansion, high in thermal shock
temperature, and highly chemically resistant because of its
high content of boron oxide, thus being further highly
effective in protecting the light-reflecting layer.

In an embodiment of the light-emitting apparatus, the at
least one semiconductor chip may be a light-emitting diode
chip. The covering layer may be made of glass. The con-
necting portions may include wiring patterns and bonding
wires. The wiring patterns may be provided on the substrate
or on the covering layer in parallel with one another and at
distances from one another. The at least one semiconductor
chip may include a plurality of semiconductor chips placed
between the wiring patterns. The wiring patterns and the
semiconductor devices may be connected via the bonding
wires.

The foregoing arrangement makes it possible to freely
adjust the number of semiconductor devices, thus making it
easy to adjust the luminance of the light-emitting apparatus,
to adjust the chromaticity of the light-emitting apparatus,
and to take measures against heat generated by the light-
emitting apparatus.

In an embodiment of the light-emitting apparatus, it is
preferable that the substrate contain heat-radiating vias,
made of metal, which are joined to the light-reflecting layer,
the external connection terminals, or both.

According to the foregoing arrangement, the heat-radiat-
ing via connected to the light-reflecting layer or the external
connection terminals enable a further enhancement in heat
radiation properties of the light-emitting apparatus.

It is preferable that the heat-radiating vias extend in a
direction perpendicular to a surface of the substrate.

Furthermore, it is preferable that the heat-radiating vias be
made of silver or a silver alloy composed mainly of silver.

In addition to the radiation of heat by the light-reflecting
layer in a direction along a plane of the substrate, the
foregoing arrangement enhances radiation of heat in a
direction perpendicular to the substrate. This makes it pos-
sible to integrate semiconductor devices within a small
region.

In an embodiment of the light-emitting apparatus, it is
preferable that the wiring patterns be made of gold.

According to the forgoing arrangement, the formation of
the wiring patterns from gold makes it possible to inhibit a
change over time from being caused by deterioration or the
like in the wiring patterns.

In an embodiment of the light-emitting apparatus, it is
preferable that a nickel or chrome layer be provided between
the wiring patterns and the covering layer.

The foregoing arrangement improves adhesion between
the covering layer made of glass and the wiring patterns,
thus making it possible to inhibit a change over time from
being caused by deterioration or the like in the wiring
patterns.
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In an embodiment of the light-emitting apparatus, the at
least one semiconductor device may be placed on the
covering layer via an adhesive resin.

In an embodiment of the light-emitting apparatus, it is
preferable that the sealing resin contain a luminescent mate-
rial.

According to the foregoing arrangement, the luminescent
material absorbs light emitted by the semiconductor device
and emits light of a different wavelength. This makes it
possible to achieve, by using a semiconductor device that
emits a single type of light, a light-emitting apparatus that
emits a different type of light (e.g., white light).

In an embodiment of the light-emitting apparatus, it is
preferable that the sealing resin be constituted by a lumi-
nescent material-containing resin section containing a lumi-
nescent material and a transparent resin section provided so
as to cover the luminescent material-containing resin sec-
tion.

The foregoing arrangement makes it possible to protect
the luminescent material-containing resin section by the
transparent resin section.

In an embodiment of the light-emitting apparatus, it is
preferable that the sealing resin have a domed contour.

In an embodiment of the light-emitting apparatus, it is
preferable that the luminescent material-containing resin
section and the transparent resin section both have domed
contours.

According to the foregoing arrangement, the sealing resin
has no sharp and definite corners pointing in a direction of
light radiation, thus causing continuous changes in direction
in which irradiating light is refracted. This brings about an
effect of making it possible to reduce unevenness in intensity
of the irradiating light.

An embodiment of a light-emitting apparatus includes: a
light-emitting diode chip; a package, including a chip-
mounting portion and a silver reflecting layer which reflects
light emitted by the light-emitting diode chip, in which the
light-emitting diode chip is die-bonded to the chip-mounting
portion; and a sealing resin which covers the light-emitting
diode chip, the silver reflecting layer being covered with a
glass layer.

In an embodiment of the light-emitting apparatus, it is
preferable that the sealing resin be made of dimethyl silicone
or methyl rubber.

In an embodiment of the light-emitting apparatus, it is
preferable that the sealing resin have a luminescent material
dispersed therein for absorbing at least a portion of primary
light emitted by the light-emitting diode chip and converting
the primary light into secondary light having a longer
wavelength than the primary light.

In an embodiment of the light-emitting apparatus, it is
preferable that the silver reflecting layer is provided on a
periphery of an exit face of the light-emitting apparatus.

In an embodiment of the light-emitting apparatus, it is
preferable that the chip-mounting portion be provided with
a recessed area whose bottom surface is provided with an
electrode pad.

A method according an embodiment of the present inven-
tion for manufacturing a package for a light-emitting appa-
ratus includes the steps of: preparing a plurality of green
sheets made mainly of alumina; performing a process of
making holes in the plurality of green sheets; filling the holes
of the plurality of green sheets with at least either metal
paste or glass paste; and stacking and firing the plurality of
green sheets so that the metal paste is covered with the glass
paste, the steps being executed in the order presented.
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The embodiments and concrete examples of implemen-
tation discussed in the foregoing detailed explanation serve
solely to illustrate the technical details of the present inven-
tion, which should not be narrowly interpreted within the
limits of such embodiments and concrete examples, but
rather may be applied in many variations within the spirit of
the present invention, provided such variations do not
exceed the scope of the patent claims set forth below.

The invention claimed is:

1. A light-emitting apparatus comprising:

a ceramic substrate;

external terminals provided on said ceramic substrate,

said external terminals being exposed;

a metal layer provided on said ceramic substrate;

an LED chip electrically connected to said external ter-

minals and provided above a top surface of said metal
layer;

metal vias contacted with an underside of said metal layer,

a thickness of said metal vias being larger than that of
said metal layer;
a luminescent material-containing resin covering said
LED chip; and

atransparent resin provided on said luminescent material-
containing resin, said transparent resin having a domed
contour,

wherein each of said external terminals has a horizontal

portion extending along a surface of said ceramic
substrate, and

said horizontal portion overlaps said metal layer in a

direction perpendicular to said surface of said ceramic
substrate such that said horizontal portion is opposite to
said metal layer.

2. The light-emitting apparatus of claim 1, wherein

said ceramic substrate has a rectangular shape, and

a diameter of said transparent resin is smaller than each of

sides of said ceramic substrate.

3. The light-emitting apparatus of claim 2, wherein

said ceramic substrate includes a plurality of ceramic

layers, and

said metal vias extends through a layer among the plu-

rality of ceramic layers along a direction perpendicular
to a surface of said ceramic substrate.

4. The light-emitting apparatus of claim 1, wherein said
external terminals have a first terminal and a second termi-
nal, a length of said metal layer under said LED chip is
longer than a length of said LED chip in a direction in which
said first terminal and said second terminal are aligned.
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5. The light-emitting apparatus of claim 1, wherein a
position of a top surface of said LED chip is higher than a
position of a top surface of said ceramic substrate.

6. The light-emitting apparatus of claim 1, wherein said
ceramic substrate is flat.

7. A light-emitting apparatus comprising:

a ceramic substrate;

a first external terminal and a second external terminal
which are provided on said ceramic substrate, said first
external terminal and said second external terminal
being exposed;

a metal layer provided on said ceramic substrate;

an LED chip electrically connected to said first and
second external terminals and provided above a top
surface of said metal layer,

metal vias contacted with an underside of said metal layer,
a thickness of said metal vias being larger than that of
said metal layer;

a luminescent material-containing resin covering said
LED chip; and

a transparent resin provided on said luminescent material-
containing resin, said transparent resin having a domed
contour,

wherein each of said first and second external terminals
has a horizontal portion extending along a surface of
said ceramic substrate, and

said horizontal portion overlaps said metal layer in a
direction perpendicular to said surface of said ceramic
substrate such that said horizontal portion is opposite to
said metal layer.

8. The light-emitting apparatus of claim 7, wherein said
ceramic substrate has a rectangular shape, and a diameter of
said transparent resin is smaller than each of sides of said
ceramic substrate.

9. The light-emitting apparatus of claim 7, wherein said
ceramic substrate includes a plurality of ceramic layers, and
said metal vias extends through a layer among the plurality
of ceramic layers along a direction perpendicular to a
surface of said ceramic substrate.

10. The light-emitting apparatus of claim 7, wherein a
position of a top surface of said LED chip is higher than a
position of a top surface of said ceramic substrate.

11. The light-emitting apparatus of claim 7, wherein said
ceramic substrate is flat.
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